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Abstract 

The tensionless string theory with perimeter action has pure massless spectrum of higher- 
spin gauge fields. The multiplicity of these massless states grows linearly. It is therefore 
much less compared with the standard string theory and is larger compared with the field 
theory models of the Yang-Mills type. It is important to define nontrivial interaction be- 
tween infinite amount of massless particles of the perimeter string theory. The appropriate 
vertex operators were defined recently and I study the lowest order vertex operators and 
the corresponding scattering amplitudes in tree approximation. I emphasize the special 
importance of the vertex operator for fixed helicity states. 
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1 Introduction 



A string model which is based on the concept of the surface perimeter^ was suggested in 
[1, 2, 3]. At the classical level the model is tensionless [3] and has a pure massless spectrum 
of infinitely many integer spin fields [1, 2]. It was demonstrated in [2, 4] that unphysical 
states are eliminated by the Virasoro and additional Abelian constraints appearing in the 
model. The analysis of the first three lower levels of the physical Fock space T shows that 
the fixed helicity states JFq and the first two excited states JF^ 2 are well defined and have 
no negative norm waves. The level To of fixed helicity states is infinitely degenerate and 
contains massless particles of increasing tensor structure A^'^'-''^''{k), where s — 1,2,..., 
while the first and the second levels ^1,2 are physical null states ^. It was conjectured in 
[2] that all excited states Tn {n 7^ 0) represent physical null states realizing continuous 
spin representations of the Poincare group and define large gauge transformation of the 
fixed helicity states J-'q. 

The next important issue is connected with the interaction of these massless fields. The 
above analysis of the physical Fock space imposes strong restriction on the possible form 
of interactions. Indeed only the subspace jFg represents the propagating physical fields, 
therefore while introducing interaction into the perimeter string model it is important to 
demonstrate that nontrivial transitions amplitudes are only between fixed helicity states 
To. 

The solution of this problem may shed some new hght to the old problem of the 
existence of consistent interaction of massless particles of higher spin fields in fiat space- 
time [16, 17, 18, 19]. The recent attempt to construct the appropriate vertex operators 
for the perimeter string model was made in [6]. 

The general form of the suggested vertex operators is given by the formula [6] : 

where the canonically conjugate operators are [1] : X^^ — ^(X^(('^) + -'^^(C")) 

and P^^ = drll^, where W = |(n^(C+) + n^(C")) 

= e'^ + + ^ E - <e-'"^" . (3) 

The basic commutator is of the form [^£,r(C^), 9±n^,R(C'^)] = 27ri77'^'^5(C^ - C'^) and 
the following commutator relations hold for the oscillators q;„,/3„ 



^For the perimeter action Sp = (m/47r) / drday {d'^X) we shall use physical units in which ni=l. 
^In Appendix I discuss the origin of this phenomena at the classical level. 
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where 0:0 = ^'^, f^o = is a pair of momentum operators. The momentum A;^ is the 
standard space-time momentum operator, the t:^ is a new momentum operator conjugate 
to the polarization vector coordinate [1]. 

Using the world-sheet energy momentum operator [V\T{Q = — : d(^X ■ d(Ti : one can 
compute the anomalous dimension of the vertex operators in (1) [6]: 

A = 2{k • tt) + mi + mi + + rrij + ihj. (4) 

It must be equal to 2 in order to describe emission of physical states, therefore the corre- 
sponding poles are at the points 

(A; • tt) = 1 — (mi + mi + + m^ + rhj)/2 , (5) 

(the conformal spin should be equal to zero, therefore mi + ... + m^ = mi + ... + rhj). 

The two lowest order vertex operators of conformal dimension two are the V/j^^ oper- 
ator: 

^m(C) - e : (A;-7r) = l 

and the U^^t^ operators of the type m = m = 1: 

U^^^{Q =: ^^X^' d^W e : (fc • tt) = 0. 

The Uk^-K operators are of the essential importance, because for them (A; ■ tt) = and they 
create fixed helicity states JFq [2]. Indeed the square of the Pauli-Lubanski vector of the 
Poincare group isW = (A; • tt)^ = and defines fixed helicity states, when W = Q and 
continuous spin representations-CSR, when W [7, 8, 1, 2]. 

The aim of this article is to compute the residues of different poles in the scattering 
amplitudes defined by the above vertex operators and to derive consistency conditions 
under which all transition amplitudes to the CSR states from fixed helicity states are 
vanishing. In the next sections I shall present necessary material from [6] and shall derive 
the consistency conditions under which the residue of the transition amplitude from fixed 
helicity state C/jk^7r(0)|0 > to the CSR state T4^7r(0)|0 > is equal to zero. 

2 The Lowest Order Vertex Operators 

Let us consider the lowest order vertex operators in (1), which have been defined as Vk,n 
and Uk^TT operators in [6]. The most lower order vertex operator Vk^T^ has the form: 

and at the next level there are three relevant operators with m = m = 1 [6] : 

U^xik, TT, C) = : {dcX" d-^X" + d-^X^ d^^X^) e *'^-^(C)+-n(C) . 

[/^'^(fc, TT, C) = : (5cX^ d(^W + d-^X^' d^W) e »'=-^(C)+-n(C) . (A; • tt) = 

t^nn(^,7r,C) = : {d^Ji^ d^Ii'' + d^W d(Ti'') e : , (7) 

so that the general form of the fixed helicity state vertex operator U^^t^ is given by the 
linear combination of these operators 

Uk,Tx = ^fxuUxx + 29?^i/^^xri + XixuUy^'ji, (8) 
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where u!{k, tt), (fi{k, tt) and x(A;, tt) are polarization tensors, or in our case it will be more 
precise to call them coupling constants. 

There are two types of constraints which are imposed on the physical states and 
transition amplitudes of the perimeter model: these are the standard Virasoro constraints 
and the additional Abelian constraints [1]. The general vertex operators (1) are already 
built in a way to fulfill the conformal invariance of the amplitudes (5). All correlation 
functions should also be restricted to fulfill the Abelian 6 = — 1 = constraint. As a 
result some of the vertex operators (1) are excluded as unphysical. This happens with the 
lowest order vertex operator V^^^ [6]. For the vertex operator Vk^^ the Abelian constraint 
takes the form: 

<: lP{r]) :: e ^^-^iO+^^-'^iO :>=<; e »*:-^(C)+»'^-n(C) _ (-g) 
and reduces to the equation 

^ \^ ^1 I 1 i/ A;^ = and tt^ 

To eliminate the world-sheet coordinate dependence on the l.h.s. we have to impose at 
least the massless condition 

fc^ = 0, (10) 

which includes the point = 0. Therefore the constraint is fulfilled for nonzero k^ and 
breaks down at the point k^ — 0. Thus the constraint (9) can not be fulfilled in the 
deep infrared region where k^ — and the vertex operator 14 tt should be abandoned as 
unphysical. 

The Abelian constraint G should be imposed on the higher order vertex operators Uk,TT 
as well <: Il^{r)) : Uk,n{C) > = < Uk,n{C) > this condition is fulfilled if A;^ = and 

Tru = 0. (11) 

Notice that now the V.E.V. on the r.h.s. is equals to zero < C/fe,7r(C) 0. 

Because the states created by the operator Vk^n are unphysical the consistency of the 
model requires that the transition amplitudes from fixed helicity state t/fc_^(0)|0 > to 
the CSR state 14^^(0) |0 > must be equal to zero. 

Let us therefore consider the vertex operators Uk,n in more details. These operators 
have the following operator product expansions [6] with the stress tensor T{r]) — — : 

dr,X-dr,n [1]: 



iv 






1 


iv 
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ik-X+in-n 



4 



The linear combination Uk^Tr — <^C^xx + 2</:'C/xn+xC^nn should be such that the leading 
singularities {r] — C}~^ cancel, making the operator product characteristic to the conformal 
dimension-one primary fields. This leads to the equations 

7r'^cc;^. + ¥^.M^'^ = 0, 7r'^¥^;.. + A:'^XM. = 0, (A; • tt) = 0. (12) 

An analogous expansion holds between T{C,) and the three vertices, leading to the equa- 
tions 

c^/.z.tt'^ + V^M-A;" = 0, tt'^c/^^. + x.^A;'^ = 0, (A; • tt) = 0. (13) 

Because the tensors uj and x symmetric, both equations simply coincide. 

The equations (11), (12) and (13) are not the only ones which are imposed on the 
tensors a;, (p and x- Indeed, as we just explained the lowest order vertex operator Vk^-w is 
unphysical and the quantum mechanical consistency requires that the scattering of two 
states created by the operator t/^.^^ into the state created by V^^^ must vanish. In the next 
section we shall derive this condition. 

3 The zero residue condition 

Suppose that we are scattering n states which are created by the operators Uk,n- To find 
the poles and the corresponding residues of the intermediate states, which appear in the 
tree diagram, we have to compute the operator product of the form 

nss, \(^^ - Uk,+k,,.,+.,{C2) + , (14) 

where in general the lowest order vertex operator Vfc,^ has appeared on the r.h.s. together 
with higher order ones. The corresponding residues are TZSSq, TZSSi and so on. To find 
this residues we have to compute the two-point correlation functions when kiT^i — k2'K2 — 
0. In the following we shall not discuss the contribution of the higher order operators on 
the r.h.s., but should mention that their contribution should also vanish. Thus, the only 
transitions which are permitted are between 11^,-^ states of fixed helicity. 

The two point correlation function of the vertex operator Uk,TT — ^^Uxx+'^'pUxii+xUim 
contains six cross terms which have the form [6] : 

< U^x'U^T > = 7rf 7r2"^7rf TTf |Ci - ^^C^^^^+k^^^^^ 

< U^\^'U^^' > = k^'k^'k'^'k'(' \^^_^^\2{k,n,+k,7.^)-4^ 

< U^x'U^n" > = iv^'^' V""""' - V^'^'7^2'kT - ^^'^^^'Trf A;f + 

+7rf /tf 7r2"^A;J'^)|Ci - (^l^C'^^^+'^^^^y^ 
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and the full two point correlation function is: 

=< UiUxx + 2(^it^xn + XiC^nn, ^^2Uxx + '^V2Uxu + X2Uun > 

Using the above pairs of correlation functions (15) we can get 

TZSSq = (7r2CJi7r2)(7riCJ2vri) + 
2tr{ipiip2) - 2(931/12) (7ri932) - 2(7r293i) (932/ci) + 4(7r2V?iA:2)(7riV?2^i) + 

ik2Xik2)ihX2ki) + 

2{7l2UJi7l2){7li(p2ki) - (7r2CJi)(7riV32) " (c^l71"2) (7riV?2) + 

^'^('^1X2) - (tfi7r2) (x2/i;i) - (7r2Cc;i) {kiX2) + {Tr2UJiTr2){kiX2ki) + 
2(7ria;27ri)(7r2</?i/i;2)) - (7ria;2) {n2(pi) - {(^2^1) {n2(pi) + 
2{'K2(pik2){kiX2ki) - {ipik2) {X2ki) - (</?iA;2) (A;iX2) + 
^'^(Xi^2) - (Xi^2) (t^27ri) - (A;2Xi) {'^1^2) + (A;2Xi^2)(7ria;27ri) + 

2(A;2Xifc2)(7ri<^2A;i) - (xi^2) i(P2ki) - (/C2X1) i(P2ki) (16) 

The vertex operator Vk^+k2,iri+-K2 should have anomalous dimension A equal to two (5) 
2{ki + k2) ■ (tti + 7^2) — 2(A;i7r2 + k2'Ki) — 2, therefore the transition amplitude to the state 
^fc,7r(0)|0 > is equal to zero if 

nSSo = 0, at fciTTa + k2TTi = 1. (17) 

In summary we have the system of equations which define the tensors uj, ip and they 
are the equations (11), (12) and (13) together with (17) and (16). 

When the above zero residue condition (17) is fulfilled then the three point space-time 
vertex function will be given by the residue TZSSi. 

Uk,MCi) Uk,,.2iC2) ^nss, |^^_^^|2(fci^2+fe2^i)-2 u,,+k2,.,+.AC2) + (18) 

at A = 2{ki + k2) ■ (tti + 712) + 2 = 2{ki'K2 + ^27ri) + 2 = 2, that is 

A;i7r2 + A;27ri = 0. (19) 

The general solution of the equations (11), (12), (13) and (17) has not been found yet, but 
some particular two-parameter family of solutions of fixed helicity operators C/^^ can be 
found. The solution will be presented in the next section. Unfortunately the scattering 
of this family of states creates the state which docs not belong to the same family and 
one should find more general solution. Nevertheless this exercise can provide necessary 
information about the general solution. 

4 Examples of Fixed Helicity Vertex Operators 

Let us consider the derivatives of the operator Vk,Ti 

C/J^ = di^d^Vk,^ =■ (ik ■ d<;X + in ■ d<;U ){ik ■ d^X + m ■ d^Il ) e : 
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If one takes the invariant {k • tt) — 0, then the U^^ is a primary field of anomalous 
dimension two and is of the same type as Uk^^^ in (7). Comparing it with the general form 
of the vertex operator C/fe ,r in (8), one can conclude that it is the solution of (12) and (13) 
of the form 

^fiiy = a k^K, (p^,y = a kf.'Ky, Xi^u = a tt^tt^. (20) 

This state corresponds to the longitudinal mode and should decouple from the physi- 
cal amplitudes. Indeed, suppose that we are scattering two longitudinal modes which 
are given by the above tensors. Then using our two-point correlation function and the 
expression for the corresponding residue (16) one can find 

Utn^iCi) U^,,.,iC2) ^ {k,7r, + k,n,y{k,n, + k2n,-iy 

ici - c2r^'^'^^+'^'^^^-v,,+,„,,+,,(C2) + (21) 

Because Vk^^ should have anomalous dimension equal to two the pole on the r.h.s. is at 
the point ki'7i2 + k2T^\ — 1 (17). This implies that the residue of the corresponding pole is 
equal to zero 

TZESq = (fciTTs + A;27ri)2(A;i7r2 + k27Ti - if = 0. 

Our aim now is to find new solution of the equations (12), (13) with the same property, 
that is in their operator product the corresponding residue to the .^rlO > state is equal 
to zero (17). The condition for that is that the polynomial (16) should vanish at the pole 
(17): /ci7r2 -|- /c27ri = a + (3 = 1. The scalars ki7i2 and /c27ri will appear frequently in our 
calculations and we shall use special notation for them: a = /ci7r2 and f3 = k2TTi. 

Let us consider the three-parameter solution of equations (12), (13) for Uk,'n of the 
form: 

^^^iv = (1 + e) k^^k^, ip^^ = (l 5) fc^Tr^., x^lv = (1 + ^') tT/^tt^, (22) 
where £, 5 and q are unknown. Substituting this parameterization into (16) we shall get 

nSSo = {{l+ef + {l + Qf)a^(3^ 

+ {I + 5f2Q^l3{l - a - (3 + 2a(3) 

+ (l+e)(l + 5)2a/?(a2 + /32-a-/?) 

+ (1 + £)(1 + Q){a^ + (3^- 2a^ - 2(3'' + + /3^) 

+ {l + 6){l + g)2a(3{a^ + (3^-a-(3). (23) 

At the pole a+(3 — 1 the corresponding residue should vanish, thus substituting a+P — 1 
into the last equation we shall get 

nSSo = [{l+ey + il + gy + 4{l + 6f 

- A{l+e){l + 5) 
+ 2(1+£)(1 + ^) 

- A{l + 6){l + g)] a\l-a^) 

= [(l + £) + (l + ^)-2(l + <5)]2 a'{l-a'). (24) 
The residue TZESq is equal to zero if 

£ + ^ - 25 = 0. (25) 
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The last equation gives us two-parameter family of operators with required property 

Ul^{C) = {l + e):{k-d^Xk- d-^X - TT ■ vr ■ d^Yi) e ^k-x{0+i-m) , 
{1 + 5): {k- d^X n-d^U + k- d^X tt • a^n + 27r • d^U tt • d^U ) e i*^-^(C)+i^-n(C) . (26) 

Thus we can select two independent vertex operators 

t/JUC) =: {k -d^xk- d-^x - TT • a^n TT • d^u) w^AQ ■ (27) 

and 

U^^C) =: {k ■ dX n ■ BU + k ■ dX TT ■ dU + 27r ■ dU TT ■ BU) Wk,n{0 ■ , (28) 

where for both of them (k ■ n) = and Wk,n{C) = ^xp [ ik ■ X{(^) + in ■ Il{C) ]• 

We have to compute now the next term in the OPE of these operators as in (14) in 
order to see if there are nonzero transitions to the states not belonging to this family. We 
have 

t^£v.(Ci) ^£u(C2) ^ 

(a^ - (3^) : (ki ■ d^X ki ■ d^X - m ■ d^U m ■ d^U - k^ ■ d^X k2 ■ d^X + tts • TTa • d^Xl) 
+a(3 (ki ■ d^X k2 ■ d^X + k2 ■ d^X ki ■ d^X + m ■ tts • d^U + tts • d^U m ■ d^u) 

ICl - C2\'^>'^--'-''-^^-' Wk,+k,,n,+.AC2) : + , (29) 

and at the pole a + /3 = we get 

a(3 : (ki ■ d<;X k2 ■ d^X + k2 ■ d^X ki ■ d^X + tti • a^n tts • d^U + ^2 ■ tti • d^Il ) 

ICl - C2r('^'^^+'^'^^)-' W-.,+.„.,+.,(C2) : + (30) 

The r.h.s. can not be collected into the U'^lj^k,^ 7ri+7r2 operator. Therefore the fusion of two 
^7^^'s of the above form does not scatter to the same state. 
The same happens with the second operator C/^^ ^ indeed 

^£.,(Ci) C(C2) ^ 

al3 : {ki ■ d(^X ^2 ■ d^^X + k2 ■ d^X ki ■ d^X + tti ■ tt2 ■ d^U + tts ■ (9^n tti ■ d^U + 
ki ■ d^X 7r2 • d^Ii + TTs • d(Ji ki ■ d^X + tti ■ d(Tl k2 ■ d^X + k2 ■ d^X tti ■ d^U) 

_ ^^|2(fei..+...0-2 w,,+,,,,,+,,{C2) : + (31) 

5 Conclusion 

The vertex operators of the tensionless string model have been constructed in [6] as 
polynomials of the field derivatives X'^^ , U.'^^ e *'=-^{C)+«'r n(c) g^^^j have anomalous 

dimension A = 2{k ■ tt) + mi + rhi + + mj + mj . Of special importance is the vertex 

operator for fixed helicity states 

Uk,-!r = ^fxuUxx + 299^1/^7^^ + XixvUyiji, 
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which is quadratic in field derivatives. Its anomalous dimension is A = 2{k • tt) + 2 — 2, 
that is {k ■ 7t) = 0. The last invariant coincides with the length of the second Casimir 
operator of the Poincare group W = (fc-vr)^ = 0. Therefore it creates fixed helicity states. 
All other operators have W ^ and create continuous spin representations - CSR, which 
are longitudinal modes in accordance with the conjecture made in [2]. 

In order to justify this picture one should prove that all transition amplitudes to the 
states of continuous spin representations are equal to zero and that the only nonzero am- 
plitudes are between fixed helicity states created by the f/^ operator. We don't know the 
full solution of this problem, but have been able to derive the conditions (12), (13) together 
with (17) and (16) on the operator Uk,Tx which guarantee the zero transition amplitude to 
the state created by the lowest order CSR operator Vk,n in tree approximation. 

If the calculation of the conformal dimensions (4) for the vertex operators (1) was 
for some reason incorrect, then the conclusion about V and U operators can in prin- 
ciple be changed. For example, if there is some undefined source of contribution to 
the conformal dimension in (4), then the conclusion indeed can change. Suppose that 
there is an additional term to the conformal dimension like in the following formula 

A = 2{k • tt) + mi + rhi + + mj + rhj + 2 , then V becomes physical operator and 

U unphysical because of additional 2. The Abelian constraint can be such a source 
of additional contribution, through the corresponding Faddeev-Papov ghosts. But the 
Faddeev-Popov determinant is trivial here because there are no derivatives in the Abelian 
constraint © = 11^ — 1 = 0. 

Let me also mention that it is generally expected that the tensionless limit a' — > oo 
of the standard string theory with the Nambu-Goto area action should have massless 
spectrum, because all masses at every level tend to zero as = {N — l)/a — 0[5]. Of 
course this simple conclusion ignores the importance of the high genus g diagrams, the 
contribution of which Ag is exponentially large compared to the tree level diagram [5]. 
The ratio of the corresponding scattering amplitudes behaves as Ag+i/Ag ~ exp{a's/g'^} 
and makes any perturbative statement unreliable and requires therefore nonperturbative 
treatment of the problem^. 

The tensionless model with perimeter action suggested in [1, 2, 3] does not appear as 
a q; — > oo limit of the standard string theory, as one could probably think, but has a 
tensionless character by its geometrical nature [3]. Therefore it remains mainly unclear 
at the moment how these two models arc connected. However the perimeter model shares 
many properties with the area strings in the sense that it has world-sheet conformal 
invariancc, contains the corresponding Virasoro algebra, which is extended by additional 
Abelian generators. This makes mathematics used in the perimeter model very close to 
the standard string theory and allows to compute its spectrum [1, 2] and to construct the 
appropriate vertex operators [6]. 

Comparing literally the spectrum of these two models one can see that instead of 
exponential growing of states in the standard string theory, in the perimeter case we 
have only linear growing of physical states. In this respect the number of states in the 
perimeter model is much less compared with the standard string theory and is larger 
compared with the standard field theory models of the Yang-Mills type. From this point 
of view it is therefore much closes to the quantum field theory rather than to the standard 
string theory. At the same time its formulation and the symmetry structure is more 

"^The different aspects and models of tensionless theories can be found in [9, 10, 11, 12, 13, 14, 15]. 
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string-theoretical. Perhaps there should be strong nonperturbative rearrangement of the 
spectrum in the limit a — > oo before the spectrum of the area and the perimeter strings 

can become close to each other. 

I would like to thank Luis Alvarez-Gaume, Ignatios Antoniadis, Lars Brink and Kumar 
Narain for stimulating discussions and CERN Theory Division for hospitality. 



6 Appendix 

The analysis of the physical Fock space is based on the equations which follow from 
Abehan constraint O = - 1 = [2]. The H'* = W^liO + ^r{C~)) field is 

= e'' + k^C + ^ E - «ne-*"^" . (32) 



and for the lowest excitations it has the form 

n'^(a, r) = e'^ + k^r + J<e-'^^ - '-a^-ic'^^ + ... (33) 
Thus the constraint equation 11^ — 1 = will take the form 

- 1 = - 1 + ^aia_i + 

k^ + 2{e-k)T + 
i{k ■ ai) T e~'^~^ - i{k ■ q;_i) t e"""^ + 
i(e • ai) e"""^ — i{e ■ a-i) e*^^ — 

--aiaie-^'^^ - -a-ict-ie^*^^ = 0. (34) 

4 4 

In components it is equivalent to the system of constraint equations (formulas (32) in [2]) 

k^ — 0, k ■ e — 0, = 1 — -aia-i, (35) 

[k ■ a±i) = 0, (e ■ a±i) = 0. (36) 
OLiOLi = 0, «_ia;_i = 0. (37) 

The question is what they mean for the oscillators a'^-^^ . 

To find an answer let us consider the world-sheet time r evolution of the field Il{a, r). 
We have to fix the initial conditions of the field n((T, r). For that we have to define the 
polarization vector e, the momentum k and the coefficients a±n in (32). Because of the 
existence of the constraints, the variables e, k, a±n are not dynamically independent. The 
equations (36) tell us that they are transverse and longitudinal at the same time. The 
equations (37) tell us that they are light-like. 

The polarization vector e can be equal to Ci or 62 where ei and 62 are two fixed 
perpendicular ci -62 = purely spatial vectors —e^ + e^ — 1 (i.e., whose Cq component is 
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and for simplicity we are considering four-dimensional space-time) which are orthogonal 
to the fixed light-like momentum vector k 

k ■ ei = k ■ 62 = 0. (38) 

If we take the initial condition as {k, Ci) then the constraint equations tell us that the 
physical oscillations of ai are those which are perpendicular to k and to Ci 

{k ■ a±i) = 0, (ei • a±i) = 0, 

thus 

a^i = a±i P + 5± , (39) 

and substituting it into the last equation (14) we shall get aicei = = 0, that is = 0. 
We have also = B^ = 0, thus B_ = 0. 

If we take the initial conditions in the second possible form (/c, 62), then the constraint 
equations will tell us that physical oscillations of the oscillators a±i are in the ei direction 
and the oscillations in the 62 direction are forbidden 

{k ■ a±i) = 0, (62 ■ a±i) = 0, 

thus 

a^i = a±i F + B± (40) 

and from the last equation (14) we shall get B± — 0. Therefore in all cases the oscillators 
a'^i are purely longitudinal 

a^i = a±i fc", (41) 
and it is natural to introduce the scalar oscillators a±i. The 11 field will take the form 

n^(a, T)^e^ + k" |t + ^aie-^^^ - ^a-ie^^^ | + ... (42) 
In general case we shall have 

U^{a, r) = e'^ + fc'^ jr + z X: (a„e-<^ + ^e'-^") | . (43) 

The last formula has clear physical interpretation: it defines the polarization vector up 
to a large gauge transformation of the from 

e''^e^ + k'^f{r,a,an) . (44) 

This was the classical consideration. In the course of covariant quantization our con- 
straints will be translated into the constraints imposed on the wave function [2]. Because 
the oscillators a±n — k'^ a±n are pure longitudinal, they create only zero norm states. 
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